Introduction {#S0001}
============

Patients with persistent atrial fibrillation (AF) referred to coronary artery bypass graft are often not considered for concomitant ablation \[[@CIT0001]\]. Even after successful coronary revascularisation there is an increased risk of mortality related to AF, stroke, and inherent anticoagulation therapeutic complications \[[@CIT0002], [@CIT0003]\]. Long-term safety and effectiveness of surgical epicardial left atrial appendage (LAA) occlusion has been reported in patients undergoing open-heart procedure \[[@CIT0004]\]. Since epicardial occluding devices seem to result in higher long-term complete occlusion than direct suturing of LAA it is necessary to define suitable techniques for patients undergoing off-pump coronary artery bypass grafting (OPCAB) and concomitant anti-arrhythmic procedures \[[@CIT0005]\]. The study presents the first clinical and practical comparison of device application and intraoperative confirmation of LAA occlusion of two surgical epicardial LAA occluders (LAAO) -- AtriClip^®^ (Atricure, Dayton, OH, USA) and TigerPaw System II^®^ (Maquet) -- in a pilot cohort of patients referred for OPCAB and concomitant epicardial LA ablation.

Material and methods {#S0002}
====================

Study population {#S20003}
----------------

This study included 15 patients with persistent atrial fibrillation and coronary artery disease referred for concomitant surgical therapy. All patients gave their informed consent for participation in the research study. Off-pump technique was used in all patients due to moderately increased risk profile measured by EuroScore ([Table I](#T0001){ref-type="table"}). All patients had high stroke risk according to CHA~2~DS~2~-VASC score (average yearly risk: 4.7 ± 2.7%). In nine patients high risk of bleeding on oral anticoagulation was calculated with HAS-BLED score (average yearly risk: 6.7 ± 4.1%) \[[@CIT0006], [@CIT0007]\].

###### 

Patients' characteristics

  Parameter                          Mean or number of patients   SD or percentage
  ---------------------------------- ---------------------------- ------------------
  Age (years)                        68.2                         ± 5.8
  LVEF (%)                           47                           ± 11
  LVEF \< 35%                        4                            27%
  EuroScore II                       2.4                          ± 2.7
  Syntax Score                       26.8                         ± 6.9
  NYHA class                         2.4                          ± 0.5
  Hypertension                       13                           87%
  History of CHF                     8                            53%
  History of MI                      7                            46%
  Diabetes                           8                            53%
  Vascular disease                   4                            27%
  Renal failure (GFR \< 50 ml/min)   4                            27%
  TE event                           3                            20%
  COPD                               3                            20%

LVEF -- left ventricular ejection fraction, MI -- myocardial infarction, CHF -- con-gestive heart failure, TE -- thromboembolic event, COPD -- chronic pulmonary disease, GFR -- glomerular filtration rate

Surgical procedure {#S20004}
------------------

In all patients transoesophageal echocardiography (TEE) was performed prior to surgery to assess the LAA for presence of thrombus, morphologic type, and orifice diameter. Patients were alternately assigned to TigerPaw (8 patients) or AtriClip (7 patients) occluder ([Fig. 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). After harvesting of grafts, via median sternotomy, the patient was given 300 units per kilogram of heparin and pulmonary vein isolation was completed with use of a bipolar radiofrequency probe. In 10 patients with cardiomyopathy the right pleural cavity was opened to allow stable haemodynamics during LAA exposure. The LAAO was applied and the heart was returned to the anatomic position to assess LAA occlusion with TEE ([Fig. 3](#F0003){ref-type="fig"}). Coronary artery bypass grafting procedure was then completed using off-pump techniques. All procedures were performed by the same surgeon.

![AtriClip device is deployed longitudinal to left atrial appendage (LAA) orifice and parallel to circumflex coronary artery](KITP-13-58958-g001){#F0001}

![TigerPaw System II application is perpendicular to circumflex artery](KITP-13-58958-g002){#F0002}

![Pre- and postoperative transoesophageal echocardiography (TEE) showing complete left atrial appendage (LAA) occlusion](KITP-13-58958-g003){#F0003}

Postoperative protocol {#S20005}
----------------------

In all patients single or double antiplatelet therapy was prescribed depending on the patient\'s history of previously performed percutaneous coronary intervention. According to the protocol, OAC was not administered.

Study endpoints {#S20006}
---------------

Primary endpoints consisted of uncomplicated LAAO implantation, complete LAA occlusion confirmed by intraoperative TEE including flow absence in LAA, and remnant stump less than 1 cm long and without the need of conversion to extracorporeal circulatory support (ECC). Secondary end points consisted of freedom from TE event, bleeding, or tamponade requiring surgical intervention. The study protocol was approved by the local Bioethical Committee.

Results {#S0007}
=======

Preoperative TEE revealed three different LAA morphologic types: wind sock (six patients), broccoli (six patients), and chicken wing (three patients). Average LAA orifice diameter was 21 ± 8 mm. Mean LAA length was 29 ± 5 mm. In the TigerPaw group the wind sock type occurred in four patients, broccoli in three patients, and chicken wing in one patient. In the AtriClip group the wind sock type was found in two patients, broccoli in three patients, and chicken wing in two patients. There was no significant difference in LAA orifice diameter between the TigerPaw (18 ± 5 mm) and AtriClip group (22 ± 10 mm; *p* = 0.3). The length of LAA did not differ significantly between the TigerPaw (26 ± 5 mm) and AtriClip group (30 ± 5 mm; *p* = 0.2).

In the ActriClip group all patients gained both primary and secondary endpoints. In the TigerPaw group six of eight patients (75%) achieved primary endpoint and all gained secondary endpoint. In two patients the TigerPaw application was complicated. In the first case distal clinches of the device were not tightly locked. Intraoperative transoesophageal echocardiography showed complete occlusion and no flow in LAA; however, the patient was postoperatively checked with computed tomography. The study revealed incomplete LAA occlusion and OAC was continued ([Fig. 4](#F0004){ref-type="fig"}). In the second patient only the two middle clinches locked properly. One proximal and one distal clinch perforated the LAA tissue but did not lock which resulted in slight bleeding. A second TigerPaw occluder was applied proximal to the LAA orifice. Implantation was uncomplicated but minor bleeding from the LAA tear continued. Conversion to extracorporeal circulation was accomplished and two pledgetted sutures eliminated the bleeding. Intraoperative echo showed complete LAA occlusion with no remnant stump.

![Computed tomographic study of incomplete left atrial appendage (LAA) occlusion with TigerPaw System II device](KITP-13-58958-g004){#F0004}

No major adverse event: death, stroke or TIA (transient ischaemic attack), myocardial infarction, reoperation, or revascularisation, occurred in either group. There was no difference in hospital length of stay between the TigerPaw (9 ± 1 days) and AtriClip groups (13 ± 5 days; *p* = 0.07).

Practical considerations aspects {#S20008}
--------------------------------

Both AtriClip and TigerPaw devices were used for occlusion of all LAA morphologic types. Implantation of the TigerPaw system was generally quicker (range = 15-30 seconds). TigerPaw positioning is easier since it is an open structure clip, which is applied on the LAA base perpendicular to the circumflex artery. Complications with proper TigerPaw application result during clinche fixation on flexible silicon strips. During clenching of LAA tissue with the device these strips may bend. Consequently, both parts of clinches interdigitate properly and remain unlocked. The AtriClip occluder requires slipping the entirety of the LAA tissue through it, parallel to the circumflex artery, which we found more difficult and slightly more time consuming, especially in the broccoli and multi-lobar small LAA types (range = 30-60 seconds). The latter also requires the use of both hands, and in the majority of these cases, an additional heart positioner must be used. In 11 patients an apical heart positioner was utilised: in four patients in the TigerPaw group and six patients in the AtriClip group. Conversely, we found it possible to apply the TigerPaw system using only one hand, which resulted in minimal haemodynamic compromise during application. Importantly, the AtriClip is stiffer and must be oriented so there is no compromise of the coronary arteries, pulmonary artery, or free wall of the left ventricle, as opposed to the TigerPaw, which is constructed from a flexible silicone fabric. These factors necessitate a more accurate size selection of AtriClip. In the AtriClip group, four patients needed a device 50 mm long and three patients needed 45 mm. Smaller sized occluders were generally needed in the TigerPaw group (35 mm in five cases, 45 mm in two, and 55 mm in one patient). Notably, during positioning of the TigerPaw, the surgeon must avoid grasping the posterior pericardial tissue located directly beneath the appendage. Using the AtriClip system one can reposition the device before final release of the clip. This is not possible with TigerPaw because the metal clinches perforate the LAA tissue with the clip closure.

Discussion {#S0009}
==========

Surgical treatment of AF is highly effective over the long-term, when using a Cox-Maze lesion set \[[@CIT0008]\]. Thus, there is a growing trend to perform surgical ablation as a concomitant procedure with other open surgery to improve long-term outcomes \[[@CIT0009]\]. As in this series, most patients with persistent AF and advanced coronary artery disease have an increased surgical risk due to heart failure and concomitant co-existing morbidity. Since LAA is the source of thrombus in 90% of patients with nonvalvular AF \[[@CIT0010]\], patients with AF who require CABG are appropriate candidates for pulmonary vein ablation and epicardial LAA occlusion.

In patients who undergo CABG without ablation or in whom surgical ablation is not effective and LAA is left open, standard stroke prevention is based on oral anticoagulation (OAC) therapy. However, the incidence of anticoagulant-related bleeding leads to discontinuation of therapy in up to 30% of patients after one year and in 80% of patients after six years \[[@CIT0011]\]. New OACs (NOACs) are discontinued in 21% of patients during the first year, cannot be used in patients with renal failure, and cause increased bleeding risk most commonly from the gastrointestinal tract \[[@CIT0012]\].

European Society of Cardiology guidelines recommend OAC administration driven by CHA~2~DS~2~-VASC and HAS-BLED scores \[[@CIT0013]\]. In this experience, 70% of patients were at high risk of for both stroke and bleeding. The data thus support a surgical plan for LAAO in patients undergoing CABG.

Data from that pilot population indicate that off-pump epicardial LAA occlusion can be done safely with an AtriClip device. The TigerPaw system in our opinion requires technological improvement. However, TigerPaw implantation seems to be easier and may play a role in the future with minimally invasive or thoracoscopic procedures. Closed clip (AtriClip) use requires slipping LAA tissue through the device so an additional positioning tool is necessary. Application of both epicardial LAAOs were not affected by morphology type. However, the TigerPaw device seems to be more convenient to occlude smaller, multilobar ("broccoli") LAA types. It should be noted that the presence this morphologic broccoli type LAA is related to an additionally increased risk of stroke \[[@CIT0014]\].

Surgical results of LAA occlusion vary. Ligation of LAA with simple running suture results in 36% of incomplete occlusion \[[@CIT0015]\]. A double suture technique reduces incomplete occlusion to 10.3% when applied from an endocardial approach \[[@CIT0016]\]. Stapling has been reported to leave up to 28% of LAA stumps only partially occluded \[[@CIT0017]\]. The transcatheter Watchman device has been shown to result in significant peri-device flow in 32% of patients, and in 50% of those, LAA thrombi were noted in the 22% that had TEE \[[@CIT0018], [@CIT0019]\]. Epicardial application may be safely done during off-pump surgery since it can be accomplished quickly and results in no haemodynamic compromise. Further study will reveal whether different application angles of TigerPaw and AtriClip affects the remnant LAA stump area. In spite of the TigerPaw no longer being clinically available, these data may be applicable to future iterations.

In patients assigned to the AtriClip group use of an apical heart positioner was needed independent of target coronary arteries. It is also technically feasible to position the beating heart using deep pericardial sutures or a tissue stabiliser to gain adequate exposure of the LAA for occluder application. We found, however, that in patients with persistent AF and depressed left ventricular function use of an apical positioner maintained adequate haemodynamics. Further study is necessary to determine if prophylactic epicardial LAA closure concomitant with CABG procedures will reduce the incidence of long-term atrial fibrillation and stroke.

Conclusions {#S0010}
===========

In an initial cohort epicardial LAAC during off-pump CABG in patients with persistent AF was performed easily, safely, and successfully with AtriClip devices. Our experience suggests that the TigerPaw system requires technological improvement. It might be useful to adapt the use of the type of occluding device to the LAA morphologic type and target revascularisation vessels to avoid the additional use of a heart positioner or obviate coronary compression.
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